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ABSTRACT

STAT3 (Signal Transducers and Activators of Transcription 3) is a transcription and signal transduction protein, which is
widely involved in cell proliferation, differentiation, apoptosis and other biological phenomena. It is closely related to cancer.
Recently, we found that STAT3 is also involved in epilepsy, Alzheimer and other diseases. Here, we make a review on the
structure and signal pathway of STAT3, as well as the associated diseases and some related drugs for patients.
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Abbreviations: STATs: Signal Transducers and Activators of Transcription; mTOR: Mammalian target of rapamycin; JAKSs:
Janus kinase; CNTE: Ciliary neurotrophic factor; AD: Alzheimer's disease; MAPK: Mitogen activated protein kinases; Trks:

Tropomyosin receptor kinase

INTRODUCTION

STATSs (Signal Transducers and Activators of Transcription)
families have seven members, STAT1, STAT2, STATS3,
STAT4, STAT5a, STATS5 and STAT®6. It was first discovered
in 1993 by James Darnell et al., when they studied the
molecular mechanism of IFN (interleukin-mediated gene
activation). They found that STAT3 not only regulated
intracellular signal transduction mediated by various
cytokines and growth factors, but also participated in the
processes of inflammation, epilepsy, and stem cell self-
renewal.

STRUCTURE OF STATS3

In 1994, Akira et al. purified and cloned STAT3 from mouse
liver nuclei.STAT3 has a variety of isomers, including
STAT3a, STAT3B, STAT3y and STAT33, all of which were
located on 17q21.STAT3a,770 amino acids, with a molecular
weight of 92KDa, is the main expression form of STAT3 in
most cells and participates in the regulation of cell cycle.
STAT3p was thought to be a negative STAT3 protein that
inhibited transcription by binding to DNA. STAT3 is
composed of 4 functional areas: oligomer domain, which
mediates the oligomerization of STAT3; the SH2 (Scr co-
source region 2) domain mediates the binding of STAT3 to
the receptor and the formation of dimer. The DNA binding
region, located between amino acids 400-500, mediates the
binding of STAT3 protein to specific DNA sites.
Furthermore, the carboxyl terminal regulates the
transcriptional activity of STAT3, including the 705tyrosine

site (Y705) and the 727serine site (S727). It was believed that
the activation of STAT3 was based on the phosphorylation of
Y705. The phosphorylation of Ser727 was the key to achieve
the maximum transcriptional activity of STAT3 [1].
However, some suggested that phosphorylation of S727 did
not depend on phosphorylation of Y705[2].

STAT3 RELATED SIGNALING PATHWAY
JAKSs/STATS3 signaling pathway

JAKs (Janus kinase) is a family of non-receptor tyrosine
kinases. The JAKs/STAT3 pathway can be activated by
various cytokines, growth factors, and so on. These activation
factors bind to the corresponding receptors on the cell surface
to activate JAKs and activated JAKs mediates the
phosphorylation of STAT3 by Tyr705, making STAT3
activated. P-STAT3 was depolymerized with the receptor,
and interacted with the SH2 region of another STAT protein
to form a dimer, then transported to the cell nucleus [3], and
immediately interacted with the promoter of a specific target
gene (such as the cis-acting element of IFN) to initiate
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transcription[4]and participate in the processes of cell
proliferation, differentiation and apoptosis. Na et al inoculated
the brain homogenate of mice with ME7 sheep pruritus strain
into the brain of C57BL mice, showed that p-jak2, p-stat3 and
GFAP were significantly expressed in the hippocampus of the
mice. The result also showed that the p-jak2, p-stat3 and
GFAP were located in the nuclei of the proliferating
astrocytes, indicating that the JAKs/STAT3 pathway was
involved in the pathological process of sheep pruritus [5].
Guo's study confirmed that Leptin may played a
neuroprotective and stabilizing role in mitochondrial
membrane potential through the JAKS/STAT3 pathway [6].

mTOR/STATS3 signaling pathway

mTOR (mammalian target of rapamycin) was a highly
conserved serine/threonine protein kinase, belonging to the
phosphoinositol  kinase-related protein kinase family.
PIBK/AKT/mTOR signaling pathway was the most studied:
growth factor receptor binded the ligand, collecting PI3K p85
regulating sub activated PI3K, then promoting PIP3
generated. Next, PIP3 combined into PDK1 and AKT PH
domain structure, then AKT was activated by PDK1, activated
AKT then phosphorylated mTOR (thr2448) through direct or
indirect ways to make mTOR activated. Activated mTOR
phosphorylates the Ser727 site of STAT3 through different
pathways, playing an important role in tumorigenesis,
epilepsy formation: in Yokogami et al. [7] study, they used
CNTF (ciliary neurotrophic factor)to stimulate human
neuroblastoma NBFL cells, they observed that the expression
of p-mTOR, p70S6 kinase, 4E-BP1 and p-STAT3
(Ser727)were increased. After treatment of NBFL cells with
rapamycin, phosphorylation of Ser727 returned to basal levels,
suggesting that mTOR mediates the activation of STAT3
(Ser727). However, how mTOR mediates the activation of
STAT3 (Ser727) remains unclear: studies have found that the
mTORC2 complex can mediate the phosphorylation of
STAT3 (S727). Sun et al observed that the mTOR pathway
became activated and p-stat3 (Ser727) was overexpressed in
bile duct carcinoma SCK cells in vitro. After rapamycin
treatment, the number of SCK cells was significantly reduced
and the vitality was reduced. When the treatment time of
rapamycin was prolonged, the mTORC2 complex was
destroyed, while the expression of p-stat3 (Ser727) was
significantly reduced [8]. Other studies suggested that mTOR
mediated the phosphorylation of STAT3(Ser727) by PKC:
Aziz et al. [9] found increased expression of PKC and p-stat3
in the cultured human melanoma cells (wm266-4), glioma
cells (T98G), pancreatic cancer cells (panc-1), and lung cancer
cells (H1650). When PKC became silence, phosphorylation of
ser727 was decreased, accompanied by inhibiting STAT3
binding to DNA and the expression of STAT3 regulated gene,
suggesting that PKC mediated phosphorylation of ser727 and
expression of STAT3 regulated target genes. The specific
mechanism of mTOR mediating STAT3 activation still needs
to be further studied to provide more effective treatment for
related diseases.
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MAPK/STAT3 Signaling Pathway

MAPK (mitogen activated protein kinases) is one of the
serine/threonine protein kinases, which is an important
signaling system in eukaryotic cells. Growth factors and
cytokines bind to receptors to activate Ras. The activated Ras
further binds to the amino terminus of Raf-1 and activates Raf-
1. Raf-1 phosphorylates serine of MAPK, and activated
MAPK phosphorylates Ser727 of STAT3. Xuan et al. found
increased expression of p-stat3 (Ser727) and p-p44/42mapk in
myocardial cells in a mouse model of myocardial ischemia
[10].

NGF/Trks/STAT3 Signaling Pathway

Trks (tropomyosin receptor kinase) mediates the activity of
neurotrophic factor (NGF). Recent studies have found that
STAT3 is an important downstream molecule in the Trks
signaling pathway. NGF binds to the corresponding receptors,
including TrkA, TrkB, or TrkC, to induce phosphorylation of
STAT3 at ser727, enhancing stat3-DNA binding and
transcriptional activity of STAT3. Ng et al found that the
expression of STAT3 was blocked by RNA interference
technology in PC12 cells (a rat pheochromocytoma cell line).
The transcription level of early response gene induced by NGF
was reduced, and the expression of cyclin D1 was decreased,
thus inhibiting the growth stagnation caused by NGF. When
cortical neurons were treated with BDNF (brain-derived
neurotrophic factor), phosphorylation of Ser727 and Tyr705
occurred for 5 minutes, but phosphorylation of Tyr705
disappeared after 15 minutes, and the level of Ser727
persisted, indicating that BDNF activated STAT3 of cortical
neurons and had a greater phosphorylation effect on Ser727.
Inhibition of STAT3 expression attenuates the role of BDNF
in promoting axonal growth in primary hippocampal neurons

[11].
STATS3 related diseases

Tumour: STAT3 plays an important role in tumorigenesis
and malignant transformation. Itis significantly activated in
glioma, meningioma, breast cancer, prostate cancer,
melanoma, colon cancer and gastric cancer.

Neurologic tumors: A growing evidence indicates that
STAT3 participate in the glioma development: LO et al used
immunohistochemical method to detect malignant glioma
patient specimens, found STAT3 were activated in 60%
malignant glioma patients, and associated with malignant
degree, human malignant glioma and neural tube cell tumor
cells in vitro also found high expression of STAT3. In JSI -
124 (a JAK2 / STAT3 inhibitors) treatment of malignant
glioma cells, found that the expression of STAT3 target gene
significantly reduced, and limited tumor cell growth,
apoptosis increases [12]. Activation of STAT3 has also been
found in glioma mice [13]. Magrassi observed significantly
increased levels of JAKs and STAT3 in meningioma
specimens [14]. Recent studies have found that STAT3
expression in grade II and III meningioma is significantly
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increased compared with type I, and STAT3, mek-1 /MAPK
and PI3K/AKT/mTOR pathways are co-expressed in
meningioma II/IIT [15], indicating that STAT3 is not only
involved in the occurrence of nervous system tumors, but also
closely related to the malignant transformation of tumors.

Other tumors: Bone marrow fibrosis patients often suffered
JAK2 V617F point mutations, causing JAK2/STAT3
abnormal activation. Recent studies have found that when
PI3BK/AKT/mTOR inhibitors and JAK2 tyrosine kinase
inhibitors were used, may cause cultured CD34 + primary
myeloma cells dying [16]. It suggested that to inhibit the
differentiation of hematopoietic progenitor cell in bone
marrow fibrosis, may treat bone marrow fibrosis. In the study
of breast cancer, it was found that by inhibiting the expression
of STAT3 through RNA interference technology, the breast
cancer formation process of BALB/c mice induced by 4T1
cells would be inhibited, indicating that STAT3 plays an
important role in the occurrence of breast cancer [17]. In colon
cancer cell line SW480, STAT3 was continuously activated,
and inhibition of STAT3 activity by
oligonucleodeoxynucleotides would lead to SW480 cell death
[18].Combined application of PI3K inhibitor and STAT3
inhibitor is effective for KRAS mutant cell lines SNU-1,SNU-
601 and SNU-668 in gastric cancer, which can induce
apoptosis [19].

Epilepsy

Astrocyte hyperplasia is the most common pathological
change after central nervous system injury (such as cerebral
ischemia, epilepsy) [20]. More and more studies have found
that STAT3 plays an important role in the proliferation and
differentiation of astrocytes after brain injury, and epilepsy is
a common brain injury disease.

Xu et al. [21] found that the expression of p-STAT3 and GFAP
was significantly increased by immunohistochemistry in the
hippocampus of pirocarpine-induced epilepsy rats and brain
tissue specimens of epileptic patients, and the positions of p-
stat3 and GFAP were similar. After the rats were treated with
AG490 (an inhibitor of JAK2/STATS3 signal), the contents of
p-stat3 and GFAP were significantly reduced. By using
Immunofluorescence, they confirmed that GFAP located in
the cytoplasm of human astrocytes in the temporal cortex,
while p-STAT3 was located in the cytoplasm and nucleus of
astrocytes, providing reliable evidence for STAT3 involves in
epileptic astrocyte proliferation. Choi et al. [22] simulated
epileptic seizures by intramuscular injection of Marine acid
into MSD rats. The Immunohistochemistry results showed
that STAT3 expression in the hippocampus of rats in the
control group was low, while the nucleus of CA3 and dentate
gyrus in the experimental group showed strong immune
activity of STAT3 [22]. In MSD rats simulating cerebral
ischemia, Kim et al. found that STAT3 was highly expressed
in the molecular layer and portal region of the dentate gyrus
and the hippocampus CAl region, and located in
astrocytes[23]. Hiroko Nobuta et al. observed postmortem
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brain tissue with neonatal cortical injury and found that
STAT3 was generally activated in proliferated astrocytes [24],
which provided a new idea for children with cortical
malformation. Hofmann et al. used MSD rats to simulate
entorhinal cortex damage and observed similar phenomena
[25]. These experiments provide evidence for the involvement
of STAT3 in astrocyte proliferation after brain injury and
provide evidence for the treatment of epilepsy.

STATS3 also promoted the differentiation of neural stem cells
(NSCs) into astrocytes: Cao et al. inoculated NSCs with Cre
recombinant adenovirus vector in vitro, and RT-PCR showed
that the level of stat3 mRNA was significantly lower than that
of the control group, confirming the inhibitory effect of Cre on
STATS3 function. Compared with the empty vector group, the
mRNA level of GFAP was significantly reduced. Western-
Blot showed that the change of GFAP protein was consistent
with the expression of STAT3, indicating that STAT3 was
involved in the differentiation of neural stem cells into
astrocytes [26].

Alzheimer’s disease (AD)

In AD, Tyk2/STAT3 signal pathway involved in neuronal
death caused by amyloidp.However, the level and activity of
STAT3 in AD remains controversial: in vitro experiments,
folic acid, improve AD related memory defects and neuron
death by the activation of STAT3 in the hippocampus [27].
Recently, in hippocampus and cortex of AD patients and
APP/PSI transgenic mice, P-STAT3 were observed highly
expressed, which showed that excessive expression of STAT3
cause neuronal cell death [28].

Other related diseases

Some studies founded that P-STAT3 had been linked to
atherosclerosis, inflammatory bowel disease and rheumatoid
arthritis. Mice with stat3 knocked out were given a diet that
caused arteriosclerosis, and adipose streak formation was
reduced compared with wild-type mice [29].Significant
activation of STAT3 was observed in the intestinal epithelial
cells of patients with inflammatory bowel disease [30].
Increased STAT3 activity was observed in mice with
rheumatoid arthritis, which may be related to IL-6 stimulation
[31].

Inhibitors

Direct inhibitors One class of inhibitors is to inhibit the
binding and transcriptional function of STAT3 to DNA,
resulting in decreased cell activity and induced apoptosis: LL-
3 is a small molecular complex. Mice inoculated with
malignant glioma U87 cells were found to prolong the survival
time, which may be an ideal drug for the treatment of
malignant glioma [32]. Static can effectively inhibit the
activity and expression of STAT3 in head and neck squamous
cell carcinoma, reducing the survival and proliferation of
tumor cells, and increasing the sensitivity to radiotherapy [33].
Another type of inhibitor is peptide aptamer, which is only
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